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Description 

BACKGROUND OF THE INVENTION 

FIELD OF THE INVENTION 5 

This invention relates to a method for testing elec- 
trical properties of a silicon single crystal and more par- 
ticularly to a method for evaluating dielectric breakdown 
voltage of the silicon oxide film grown on the surface of 10 
a polished wafer derived from the Czochralski(CZ) 
method or the floating zone (FZ) method by subjecting 
the single crystal derived therefrom to chemical treat- 
ments and visual inspection. 

15 

DESCRIPTION OF THE PRIOR ART 

Heretofore, as means for evaluating the quality of a 
silicon semiconductor single crystal rod which has been 
pulled up by the Czochralski method or the floating zone 20 
pulling method, the so-called evaluation of oxide film di- 
electric breakdown voltage which comprises preparing 
a silicon polished wafer (PW wafer) from the single crys- 
tal rod, causing the silicon wafer to form an oxide film 
on the surface thereof, attaching a polysilicon electrode 2s 
to the silicon wafer, applying a bias voltage thereto, and 
determining the dielectric breakdown voltage of the ox- 
ide film has been practised. This method has been rec- 
ognized as one of the important, testing techniques be- 
cause it permits substantially equivalent simulation of 30 
the formation of a device on a silicon wafer and allows 
determination of the question as to whether or not the 
wafer manifests a suitable quality during the manufac- 
ture of a device using the wafer. 

The evaluation of oxide film dielectric breakdown 35 
voltage mentioned above, however, entails such prob- 
lems as (1) inability to effect this evaluation until after 
the PW wafer has been prepared, (2) inevitable con- 
sumption of enormous time during the process of eval- 
uation, and (3) necessitatis of an expensive apparatus <o 
for evaluation, for example. 

This invention has as an object thereof the provision 
of a method which is capable of quickly and inexpen- 
sively effecting equivalent evaluation of the oxide film 
dielectric breakdown voltage of a wafer cut out of a given « 
grown semiconductor single crystal without requiring 
prepararion of a PW wafer for the evaluation. 

The other objects and characteristic features of the 
present invention will become apparent to those skilled 
in the art as the disclosure is made in the following de- so 
scription of a preferred embodiment of the invention, as 
illustrated in the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

55 

Fig. 1 is a sketch diagram of scale-like patterns 
formed on the surface of a silicon wafer when the silicon 
wafer has been subjected to mirror etching and then to 



etching with a SECCO solution, Fig 2 is a graph showing 
the density of scale-like patterns formed on the surface 
of a CZ silicon wafer when the silicon wafer has been 
subjected to mirror etching and then to etching with a 
SECCO solution (SECCO etch pit density) as a function 
of the rate of pulling the crystal, and Fig 3 is a graph 
showing the density of scale-like patterns formed on the 
surface of a CZ silicon wafer when the CZ silicon wafer 
has been subjected to mirror etching and then to etching 
with a SECCO solution (SECCO etch pit density) as a 
function of the acceptability rate of oxide film dielectric 
breakdown voltage %. 

SUMMARY OF THE INVENTION 

The objects described above are accomplished by 
this invention providing a method for testing electrical 
properties of a silicon single crystal, characterised by 
pulling up a silicon semiconductor single crystal by a 
Czochralski method or the floating zone pulling method, 
cutting a wafer of a prescribed thickness from said single 
crystal, etching the surface of the wafer with a mixed 
solution of hydrofluoric acid and nitric acid thereby re- 
lieving said wafer of strain, then setting the wafer upright 
in a mixed solution of K 2 Ct 2 0 7 , hydrofluoric acid and 
water and selectively etching the surface of the wafer 
therein for a period in the range from 10 to 60 minutes, 
and taking count of the number of scale-like patterns 
consequently appearing on the surface of the wafer, 
thereby evaluating the oxide film dielectric breakdown 
voltage of said silicon single crystal. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

For the evaluation by the method described above, 
the wafer is desired to have a thickness not less than 
0.3 mm and not more than 2 mm. In order for the surface 
of this wafer to be smoothly and flatly etched, the ratio 
of hydrofluoric acid to nitric acid in the mixed solution is 
desired to be approximately 1:3. The selective etching 
of the wafer in the mixed solution of KgC^Oy. hydrofluo- 
ric acid, and water is desired to be carried out by keeping 
the wafer immersed in the mixed solution at normal 
room temperature for a period in the range of from 10 
to 60 minutes. 

As the mixed solution of KgCRgOy, hydrofluoric ac- 
id, and wafer, the SECCO solution [F. Secco D'Aragona: 
■J. Electrochem. Soc., Vol. 119, No. 7 (1972), pp. 
948-951] has found popular recognition. The composi- 
tion of the SECCO solution is obtained by dissolving 
K 2 CR207 in a proportion of 0.1 5 mol in water and mixing 
the resultant aqueous solution with an aqueous 49% hy- 
drofluoric acid solution to a volumetric ratio of 1:2. The 
SECCO solution has been used for the purpose of se- 
lectively etching a heat-treated OSF (oxidation induced 
stacking fault) thereby producing a line defect image or 
for the purpose of visualising a slippage suffered to oc- 
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cur in an ingot during the growth of the ingot. The use 
of this SECCO solution in visualizing scale-like patterns 
on a wafer as contemplated by this invention has never 
been known to the art. 

The production of scale-like patterns is accom- 
plished by cutting a wafer from a grown silicon semicon- 
ductor single crystal rod, subjecting the surface of the 
wafer to mirror etching with the mixed solution of hy- 
drofluoric acid and nitric acid, and then further subject- 
ing the resultant mirror surface of the wafer to etching 
with the mixed solution of KgCr^, hydrofluoric acid, 
and water. One example of a surface forming such 
scale-like patterns is illustrated in Fig. 1. A deliberate 
observation of this surface under an optical microscope 
reveals the presence of a minute pit 2 at the peak of 
each scale-like pattern 1 . These scale-like patterns 1 
are liable to generate such a gas as hydrogen at the 
portions of the pits 2. They occur as signs of uneven 
etching when the gas escapes upwardly. This fact is 
evinced by the phenomenon that these scale-like pat- 
terns are expanded upwardly in the vertical direction 
when the wafer is set upright in the liquid. It is inferred, 
however, that the scale-like patterns originate in a cer- 
tain kind of crystalline defect inherent in a crystal. The 
scale-like patterns formed by the etching of the wafer 
cut from the grown silicon semiconductor single crystal 
rod with the mixed solution of I^Cr^, hydrofluoric ac- 
id, and water are found by examination to possess a 
density difference. This density difference is satisfacto- 
rily correlated with the oxide film dielectric breakdown 
voltage which is determined of a plurality of PW waters. 
This fact established the method of this invention to be 
capable of effecting an evaluation equivalent to the eval- 
uation of the oxide film dielectric breakdown voltage of 
a PW wafer prepared from the single crystal rod. 

The evaluation of the oxide film dielectric break- 
down voltage of a silicon semiconductor single crystal 
is carried out by cutting a wafer out of the single crystal 
rod immediately after its growth, etching the surface of 
the wafer with the mixed solution of hydrofluoric acid and 
nitric acid thereby relieving the wafer of strain, then etch- 
ing the surface of the wafer with the mixed solution of 
K 2 C( 2 0 7 , hydrofluoric acid, and water thereby inducing 
occurrence of pits and scale-like patterns on the sur- 
face, determining the density of the scale-like patterns, 
and computing the oxide film dielectric breakdown volt- 
age by making use of the correlation between the den- 
sity of scale-like patterns and the oxide film dielectric 
breakdown voltage. 

Examples 

Now, the present invention will be described more 
specifically below with respect to working examples. 

A plurality of silicon semiconductor single crystal 
rods 130 mm in diameter were pulled up, some by the 
CZ method and others by the FZ method. In the case of 
the CZ method, a quartz crucible 45 cm in diameter was 



used and the material placed therein was doped with 
boron and adjusted to an electric resistance coefficient 
of 10 Q cm. In all the single crystal rods pulled up by this 
method, the orientation was invariably <100>. In pulling 

5 up the silicon semiconductor single crystal rods by the 
case of the CZ method, the speed of pulling was varied 
from one batch to another between 0.4mrnAntn to 1.7 
mm/min. Incidentally, it is well known that the desirability 
of the oxide film dielectric breakdown voltage decreases 

io in accordance as the pulling speed increases. 

From each of the silicon single crystal rods pro- 
duced by the pulling, silicon wafers 1 mm in thickness 
were sliced with a diamond saw and used as test pieces. 
Such a silicon wafer was subjected to mirror etching with 

16 the aforementioned mixed solution of hydrofluoric acid 
and nitric acid, washed thoroughly with purified water, 
and subjected to selective etching with the SECCO so- 
lution for a period in the range of from 1 to 60 minutes. 
On the test pieces etched for periods exceeding 1 0 min- 

a> utes, scale-like patterns illustrated in Fig. 1 were ob- 
served extending upwardly in the vertical direction 
which the wafers were set upright in the solution. On the 
test pieces etched for periods exceeding 60 minutes, the 
formed scale-like patterns overlapped and consequent- 
's ty defied efforts in taking count of the density thereof. 
The wafer etched with the aforementioned liquid for 30 
minutes, a period empirically found to be just fit, was 
placed under an optical microscope for the operator to 
take count of the density of scale-like patterns. The data 

30 of density thus obtained were plotted on a graph as a 
function of the speed of crystal growth. The results are 
shown in Fig.2. In Fig.2, the count of scale-like patterns 
was represented in the SECCO pit density. It is clearly 
noted from the graph that the SECCO pit density in- 

35 creased in accordance as the speed of crystal growth 
increased. 

From the CZ silicon semiconductor single crystal 
rods mentioned above, PW wafers were prepared The 
surfaces of these PW wafers were etched similarly with 

40 the SECCO solution and tested tor SECCO etch pit den- 
sity. The density distribution consequently obtained of 
these wafers was equal to that obtained of the wafers 
prepared from the aforementioned grown single crystal 
rods. This fact establishes the method of this invention 

<5 to be capable of measuring the SECCO etch pit density 
without requiring the subsequent preparation of PW wa- 
fers. 

For the purpose of investigating the correlation be- 
tween the SECCO etch pit density of such a wafer and 

so the oxide film dielectric breakdown voltage, the PW wa- 
fers were subjected to a heat treatment in preparation 
for determination of the oxide film dielectric breakdown 
voftage. The wafers resulting from the heat treatment 
were cleaned with a RCA detergent and then subjected 

55 to gate oxidation at 900°C for 100 minutes to form an 
oxide film 25 nm in thickness. On the oxide film-coated 
wafers, polysilicon was deposited and phosphorus was 
diffused to form an electrode pattern 6 mm 2 in area For 
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the measurement of the dielectric breakdown* voltage of 
the oxide film, a voltage was applied to form an electric 
field of several MV/cm between the electrode and the 
silicon substrate. The level of voftage at which an elec- 
tric current of not less than 1 mA/cm 2 began to flow was 
defined as the dielectric breakdown voltage. The wafers 
exhibiting not less than 8 MV/cm of oxide film dielectric 
breakdown voltage were rated as non-rejectable. The 
proportion nonrejectable was obtained by dividing the* 
number of nonrejectable chips found in one PW wafer 
by the total number of chips formed in the same PW wa- 
fer and multiplying the quotient by 100. Fig.3 shows the 
SECCO etch pit density as a function of the proportion 
nonrejectable represented in oxide film dielectric break- 
down voltage (%). The two magnitudes involved herein 
showed a clear correlation such that the desirability of 
the oxide film dielectric breakdown voltage decreases 
in accordance as the SECCO etch pit density increased 
When wafers taken from the FZ silicon semiconduc- 
tor single crystal rod were subjected to the same test, It 
was found that entirely the same correlation existed be- 
tween the SECCO etch pit density and the oxide film 
dielectric breakdown voltage. In accordance with the 
method of this invention, therefore, the oxide film die- 
lectric breakdown voltage property of a grown silicon 
semiconductor single crystal rod for the SECCO etch pit 
density without necessitating preparation of PW wafers 
and subsequent evaluation of the oxide film dielectric 
breakdown voltage thereof. This fact proves the effec- 
tiveness of this invention in the evaluation of interest. 

In accordance with the present invention, a silicon 
semiconductor single crystal rod grown from molten sth- 
ion by the Czochralski method or the floating zone meth- 
od can be given an evaluation equivalent to the evalu- 
ation of the oxide film dielectric breakdown voltage, one 
of the electrical properties, of a silicon wafer simply by 
cutting a wafer of a prescribed thickness from the single 
crystal rod instead of elaborately preparing silicon pol- 
ished wafers from the single crystal rod, etching the sur- 
face of the wafer with the mixed solution of hydrofluoric 
acid and nitric acid thereby relieving the wafer of strain, 
then etching the surface with the mixed solution of 
K 2 Cr 2°7« hydrofluoric acid, and water for a prescribed 
length of time, and taking count of scale-like patterns 
consequently produced on the surface. This invention, 
therefore, obviates the necessity for spending time and 
labor in the preparation of the polished wafer, alloting 
time to the attendant step for evaluation, and installing 
an expensive device tor evaluation and permits an eval- 
uation equivalent to the evaluation of the oxide film di- 
electric breakdown voltage to be carried out quickly and 
inexpensively the use of a wafer cut out of the grown 
silicon semiconductor single crystal rod. 



Claims 

1 . A method for testing electrical properties of a silicon 



6 ingle crystal, characterized by pulling up a silicon 
semiconductor single crystal by the Czochralski 
method or the floating zone pulling method, cutting 
a wafer of a prescribed thickness from said single 

s crystal, etching the surface of the wafer with a mixed 
solution of hydrofluoric acid and nitric acid thereby 
relieving said wafer of strain, then setting the wafer 
upright in a mixed solution of K^Cr^, hydrofluoric 
acid and water and selectively etching the surface 

to of the wafer therein for a period in the range from 
10 to 60 minutes, and taking count of the number 
of scale-like patterns consequently appearing on 
the surface of the wafer, thereby evaluating the ox- 
ide film dielectric breakdown voltage of said silicon 
single crystal. 



Patentanipruch© 

20 1 . Verf ahren zum Testen der elektrischen Eigenschaf- 
ten sines' Siliziumeinkristalls, gekennzeichnet 
durch ein Hochziehen eines Halbleiter-SiHziumein- 
kristalls durch das Czochralski- Verfahren oder das 
Ftottierzone-Ziehverfahren, Abschneiden eines 

25 Wafers einer vorgeschriebenen Dicke von dem Ein- 
kristall, Atzen der Oberfiache des Wafers mrt einer 
Mischlosung aus Fiuorwasserstoffsaure und Salpe- 
tersaure, urn dadurch das Wafer von einer Beia- 
stung frei zu machen, anschlieSendes Aufsteiien 

30 des Wafers aufrecht in einer Mischlosung aus 
K 2 Cr 2 07, Fiuorwasserstoffsaure und Wasser und 
eelektrves Atzen der Oberfiache des Wafers in der- 
selben fur sine Dauer in dem Bereich von 10 bis 60 
Minuten und Zahlung der Anzahl von schuppenfor- 

35 migen Mustern, die danach auf der Oberfiache des 
Waters erscheinen, urn dadurch die bielektrische 
Oxidfilm-Oberschlagspannung des Siliziumeinkri- 
stalls auszuwerten. 

40 

Revendieattons 

1. Methods pour controler les proprietes dlectriques 
dun monocristal de silicium, caracterisee en que : 

45 

- on realise un monocristal de silicium semicon- 
ducteur par la methode de Czochralski ou la 
methode de la zone flottante, 

- on decoupe une galette d'epaisseur determi- 
50 nee dudrt monocristal, 

- on grave la surface de la galette par application 
dune solution rfacide fluorhydrique et cfacide 

nitrique pour degager iadite gaiette des con- 
traintes, 

55 - ensuite, on place verticalement la galette dans 
une solution de K 2 Cr 2 0 7( d'acide fluorhydrique 
et d'eau, 

- puis on grave selectivement la surface de la ga- 
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lette au sein de cette solution pendant des pe- 
rbdes de duree comprises entre 10 et 60 mi- 
nutes, 

entln, on compte le nombre de motifs en forme 
de depot apparaissant a la surface de la gaiette 
pour ainsi evaluer la tension dielectrique de cla- 
quage du film d'oxyde dudit monochstal de si- 
licium. 
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SECCO etch pit density ( /cm 2 ) 
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Sample 

O CZ 5 " (low oxygen concentration) 
A C2 5" fordinory oxygen 
concentration) 



Condition 

oxide film dielectric 
breakdown voltage: 
gate area* 8 mm* 
judging current of potysilicon 
gate = lmA/cm* 

oxidation condition: 
9Cpt (OOminutes(dry02) 
film thickness =2501 
criterion for judging: 
acceptability rote* % 

(>8MV/cm 2 ) 
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